In this paper the thermodynamics of thin ferromagnetic lms are studied in the framework of the classical Heisenberg model with uniaxial anisotropy and long{range dipole interaction. The dependence of the order of the reorientation transition in these systems on the number of layers and on the distribution of anisotropies is investigated using both mean eld theory and Monte{Carlo simulations.
Thin magnetic lms with a ground state magnetization perpendicular to the surface can undergo a phase transition into a phase with in-plane magnetization at a temperature T R < T C , the Curie temperature of the lm, due to the competition of dipole interaction and surface anisotropy 1]. This reorientation transition has already been investigated theoretically in the framework of the two{ dimensional anisotropic Heisenberg model with dipole interaction using classical 2] and quantum mechanical 3] mean eld theory, renormalization group theory 4], spin wave theory 5], and Monte{ Carlo simulations 6, 7] . While all calculations for a monolayer except 6] show a rst order reorientation transition, the calculations in 3] show a second order transition for a system with L = 3 layers and vanishing anisotropy in the middle layer. In a recent paper on the order of the reorientation transition Moschel et al. 8] proposed that the order depends on the distribution of anisotropies through the layer.
In this paper we present ground state aspects and detailed phase diagrams obtained from both mean eld theory and Monte{Carlo simulations in a classical anisotropic Heisenberg model with long range dipole interactions. The system consists of L two{dimensional layers and it is described by the Hamiltonian with the constants N 0 = 0:871026 and the twodimensional dipole sum 9] 0 = 9:0336. Note that N z GS is nite for all nite values of D, although it grows exponentially fast when J=2D gets large.
In the limit of large N z GS the ground state properties of the system can be determined exactly: We nd that a system with only one layer (L = 1) always has a rst order phase transition with a free energy independent of the orientation of the spins when K 1 = 6:77522D. When L = 2, the transition is rst order only when the anisotropies in both layers are equal (K 1 = K 2 = 6:52962D), while it is second order when K 1 and K 2 are di erent. For L = 3 the situation is more di cult, as we only get a rst order transition when K 1 = K 3 = 6:52920D and K 2 = 6:28402D. These ground state results in-dicate that the occurence of a rst order transition is a rather special case in this model.
We investigated the nite temperature regime with mean eld theory and found nite regions in parameter space where the system undergoes a rst order reorientation transition. In gure 1 (left) the phase diagram for L = 2 layers, J = 1, D = 0:017 and K 1 + K 2 = 0:25 is depicted. At the phase boundaries the in-plane-component (xy) and the zcomponent (z) of the total magnetization become unstable. The lines of second order transitions are dashed and the lines of rst order transitions are solid. The arrows shall symbolize the orientation of the spins.
In the Monte{Carlo simulations we considered systems with N N L spins and periodic boundary conditions in the in-plane directions. The precise method of the simulation is described in 7] . The results of the Monte{Carlo simulations are in very good agreement with the mean eld calculations: For L = 1 we only nd rst order reorientation transitions, while for L = 2 the transition is of second order when K 1 di ers enough from K 2 . To illustrate these results, in gure 1 (right) the histogram of the polar angle # of the totalmagnetization vector in layer 1, h(# 1 ), is depicted. When the transition is of second order ( ), the distribution has one maximum around h# 1 i, while at a rst order transition ( ) the distribution has two maxima, one at # 1 = 0 and a second at # 1 = =2 due to hysteresis e ects. The di ering results in 6], where a second order transition is found for L = 1, are very likely due to short simulation times and an insu cient evaluation method. While in 6] a typical run involved 4 10 5 MC sweeps, we performed 2 10 6 sweeps and additionally used a global spin ip, which reduced the autocorrelation time by a factor of approx. 200. A detailed account of our work will be published elsewhere.
